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INHERITANCE  OF  SEED  SHAPE,  HERITABILITIES 
AND  CORRELATIONS  AMONG  RELATED  TRAITS 
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By 
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April  1984 

Chairman:  A.  J.  Norden 

Major  Department:  Agronomy 

A study  was  conducted  to  determine  the  mode  of  inheritance  of 
seed  shape  in  peanut  (Arachis  hypogaea  L.).  Estimates  of  heritability 
for  pod  length,  pod  breadth,  pod  constriction  index,  pod  shape  index 
and  seed  shape  were  obtained.  Seed  shape  classifications  were  based 
on  the  presence  or  absence  of  the  flat  surface  at  the  ends  where  the 
two  seeds  meet  inside  a two-1 oculed  pod.  The  genotypic  and  phenotypic 
correlations  among  the  five  traits  were  also  determined.  The  study 
involved  five  crosses  and  their  reciprocals,  and  the  progenies  up  to 
the  F^  seed  generation  were  analyzed. 

The  results  indicate  that  in  four  of  the  five  crosses,  the  inher- 
itance of  seed  shape  was  monogenically  controlled  with  the  flat-end 
shape  (SS)  being  dominant  over  the  smooth-end  shape  (,ss).  In  one 
cross,  the  inheritance  of  seed  shape  could  not  be  determined,  probably 
due  to  the  presence  of  other  factors. 

Heritability  estimates  for  the  five  traits  were  low,  ranging  from 
0.54  for  pod  length  to  0.26  for  seed  shape.  This  suggests  that 


selection  for  improved  (smooth-end)  seed  shape  would  be  more  effective 
in  later  (F5-F5)  generations. 

Genotypic  correlations  among  traits  were  generally  higher  than 
phenotypic  correlations.  The  analysis  of  data  to  determine  the  relative 
efficiencies  of  indirect  selection  of  related  traits  for  the  improvement 
of  seed  shape  showed  that  seed  shape  improvement  can  best  be  achieved 
by  directly  selecting  for  seed  shape  itself  or  by  indirectly  selecting 
for  increased  pod  shape  index.  The  next  best  alternative  is  through 
the  indirect  selection  for  longer  pods. 
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INTRODUCTION 


Seed  shape  is  an  important  consideration  in  the  peanut  (Arachis 
hypogaea  L.)  processing  industry  because  it  determines  the  quality 
and  consumer  acceptance  of  peanut  products.  It  is  known  to  affect 
the  blanchabil ity  of  roasted  peanuts,  for  instance,  thereby  indirectly 
affecting  the  market  value  of  the  finished  product. 

There  are  a number  of  different  shapes  of  seeds  observed  both 
within  and  between  peanut  cul tivars, and  such  differences  have  vari- 
ously been  attributed  to  both  physiological  and  genetic  causal  factors. 
The  terminology  used  to  describe  the  various  shapes  of  seeds  also 
varies  considerably  depending  on  the  objectives  of  the  researcher  and 
the  precision  with  which  the  seed  shape  is  quantified. 

In  this  investigation  the  notation  "flat  seed"  refers  only  to  the 
flat  surface,  common  to  both  the  apical  and  basal  seeds  originating 
from  the  same  pod,  where  they  touch  each  other.  The  absence  of  the 
"flat  seed"  shape  has  been  referred  to  as  "round,  smooth"  shape  which 
is  indicative  of  lack  of  contact  between  the  basal  and  apical  seeds 
inside  the  pod. 

Knowledge  of  the  mode  of  inheritance  of  peanut  seed  shape  and  of 
the  relationship  between  pod  traits  and  seed  shape  would  be  useful 
in  assisting  the  breeder  to  select  superior  individuals  from  a segre- 
gating population. 
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Previous  studies  on  the  mode  of  inheritance  of  peanut  seed  shape 
have  not  provided  consistent  information  since,  in  most  cases,  the 
studies  were  made  on  limited  breeding  populations  where  seed  shape 
was  but  one  of  the  features  being  studied.  It  has  also  been  suggested 
that  differences  in  reported  modes  of  inheritance  could  have  been  due 
to  possible  physiological  maternal  influence  rather  than  the  genotype 
itself  in  the  expression  of  peanut  seed  shape. 

The  objective  of  this  research  was  to  establish  the  mode  of  in- 
heritance of  peanut  seed  shape  on  large  populations  derived  from 
crosses  among  genotypes  with  contrasting  seed  shapes. 


LITERATURE  REVIEW 


Studies  on  the  inheritance  of  seed  shape  in  crop  plants  began 
with  Mendel's  (1865)  experiment  on  round  versus  wrinkled  seed  shape 
in  the  common  pea  (Pi sum  sativum  L.)-  When  Mendel  crossed  plants  from 
the  true  breeding  strain  having  round  seeds  with  plants  from  the  true 
breeding  strain  having  wrinkled  seeds,  he  observed  in  the  F2  genera- 
tion an  almost  perfect  ratio  of  3 round :1  wrinkled  seeds.  Mendel 
accounted  fro  the  3:1  ratio  in  the  F2  by  reasoning  that  the  phenotype 
"round  seeds"  was  dominant  and  "wrinkled  seeds"  was  recessive.  He 
assumed  that  when  the  F.j  hybrids  form  gametes,  half  the  gametes 
carry  the  dominant  "A"  allele  and  half  carry  the  recessive  "a"  allele. 
Combining  gametes  at  random  from  two  such  plants  yields  a genetic 
ratio  in  the  F2  of  1/4AA:l/2Aa:l/4aa,  but  since  "A"  is  the  dominant 
allele,  the  observed  ratio  of  phenotype  in  the  F2  is  3 round :1 
wrinkled. 

This  scheme  of  inheritance,  which  Mendel  was  the  first  to  enun- 
ciate, has  since  been  confirmed  in  peas  and  other  crop  plants  and 
has  also  been  found  to  hold  good  for  such  diverse  traits  as  height, 
hairiness,  flower  color,  shape  of  pollen  grains,  the  structure  of 
fruits,  etc.  (Punnet,  1911). 

However,  deviations  in  phenotype  from  Mendel ian  segregation  have 
been  reported.  Working  on  the  same  traits  in  peas  as  Mendel, 

Pchelarov  (1972)  reported  that  when  green  wrinkled-seeded  varieties 
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were  crossed  with  varieties  having  yellow  round  seeds,  a larger  num- 
ber of  the  later  type  segregated  in  the  F2  than  was  expected  on  the 
basis  of  Mendel ian  laws.  It  has  shown  that  changes  in  the  shape 
(round)  and  color  (yellow)  of  the  seeds  can  arise  as  a result  of  the 
effect  of  sunlight  and  high  temperatures.  When  grown  in  normal  condi- 
tions they  give  plants  with  green  wrinkled  seeds.  The  temperature 
effect  on  the  expression  of  a trait  was  later  shown  to  operate  in 
altering  the  expression  of  certain  traits  in  Drosophila  (Plunkett 
1926,  Gardner  and  Woolf  1950).  However,  such  reports  on  deviations  from 
Mendel ian  segregation  are  rare  in  the  literature. 

Seed  Shape  as  Related  to  Blanchabil ity  in  Peanut 

Blanchability  of  kernels  is  an  important  consideration  in  the 
peanut  processing  industry  and  peanuts  that  blanch  readily  are  highly 
desirable  (Farouk  et  al . , 1977).  Even  though  there  appears  to  be  no 
standard  blanching  procedure  in  the  peanut  processing  industry 
(Tiemstra,  1973),  some  causal  factors  related  to  the  blanchability  of 
peanut  kernels  have  been  identified.  Some  of  these  factors  are 
related  to  the  physical  properties  of  the  kernels  whereas  others  are 
due  to  the  physical  stresses  imposed  on  the  peanut  kernels  during  the 
blanching  process. 

Of  the  latter  causal  factors,  Shackleford  (1972)  identified  tem- 
perature and  amount  of  moisture  removed  as  factors  affecting  blanch- 
ability of  peanuts.  This  confirmed  earlier  work  by  Beasley  and  Dickens 
(1963)  who  had  shown  that  the  amount  and  rate  of  moisture  removal 
affected  blanchability  more  than  did  temperature. 
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Woodward  (1973)  found  that  the  tensile  strength  of  the  peanut 
skin  decreased  with  increased  drying  rate.  The  increased  skin  stress 
condition  at  high  drying  rates  leads  to  skin  rupture  or  differential 
dimensional  response  between  kernel  and  skin  thereby  enhancing 
blanchabil ity. 

Farouk  et  al . (1977)  indicated  that  skin  moisture  content  and 
repeated  rewetting  and  drying  cycles  improved  blanchabil i ty  of  spanis- 
peanut  kernels  under  constant  drying  air  temperature  and  relative 
humidity. 

Among  the  physical  properties  of  the  kernels  that  affect  blanch- 
ability,  Tiemstra  (1973)  reported  that  shrivels  and  maturity  of  ker- 
nels are  two  important  factors  affecting  blanchabil ity. 

In  addition,  seed  shape  is  also  known  to  affect  the  blanchability 
of  peanuts  (Norden  et  al.,  1982;  Metelerkamp  and  Hilderbrand  1975) 
especially  where  mechanical  methods  of  blanching  are  used.  Peanut 
varieties  that  have  a large  percentage  of  flat  ended  seeds  are  diffi- 
cult to  blanch  mechanically  (Coffelt  and  Hammons  1974a)  and  also  show 
a greater  tendency  to  split  during  mechanical  shelling. 

Inheritance  Studies 

The  shape  of  peanut  seeds  is  determined,  to  a large  extent,  by 
the  shape  of  the  pod.  The  pod  characteristics  could  even  mask  the 
genetic  expression  of  seed  characteristics  (Godoy  and  Norden  1981), 
particularly  in  segregating  populations. 
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It  is  the  presence  or  absence  of  pod  constriction  which  determines 
whether  or  not  seeds  have  flattened  ends  that  are  in  contact  with  the 
other  seed  in  the  pod.  Pods  without  constriction  tend  to  have  seeds 
with  flattened  ends. 

Studies  on  the  mode  of  inheritance  of  pod  constriction  have 
produced  contradictory  results.  Badami  (in  Hunter  and  Leake,  1933) 
was  the  first  to  propose  that  the  absence  of  pod  constriction  was  domi- 
nant to  its  presence.  He  described  four  groups  on  the  basis  of  the 
depth  of  constriction  and  concluded  that  two  factors  were  involved, 
with  the  cylindrical  type  being  the  double  dominant. 

Hassan  (1964)  confirmed  Badami 's  proposal  but,  instead,  proposed 
a tri genic  complementary  model  with  an  F2  phenotypic  ratio  of  45:19. 

He  assumed  that  A is  a basic  gene  with  B and  C complementary  to  A, 
but  not  to  each  other.  Accordingly,  shallow  constriction  appears 
when  A is  present  together  with  B or  C or  both. 

However,  Mauboussin  (unpublished  data),  as  cited  by  Hammons 
(1973),  proposed  that  the  presence  of  pod  constriction  is  dominant 
to  the  absence  of  pod  constriction. 

Coffelt  and  Hammons  (1974a)  confirmed  Mauboussin's  proposal.  Their 
results  indicate  that  the  two  peanut  cultivars,  Argentine  and  Early 
Runner,  differ  at  three  unlinked  nuclear  loci  and  for  one  cytoplasmic 
factor  conditioning  pod  constriction.  These  four  factors  interact 
in  a complementary-duplicate  manner.  Three  dominant  alleles,  one 
at  each  of  any  three  of  the  four  factors,  are  required  for  the  pres- 
ence of  pod  constriction.  Any  two  homozygous  recessive  factors 
result  in  unconstricted  pods.  They  proposed  gene  symbols  Pc-| , PC2 
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and  Pcg  for  the  nuclear  genes  and  the  symbol  A for  the  cytoplasmic 
factors . 

Relatively  few  studies  have  been  reported  in  the  literature 
regarding  the  mode  of  inheritance  of  seed  shape  in  peanuts. 

Hayes  (1933)  was  the  first  to  propose  a model  of  gene  action 
for  peanut  seed  shape.  In  a limited  population  of  segregating 
material  from  a cross  involving  Valentine  (long-seeded)  and  Sine 
(short-seeded)  varieties,  he  concluded  that  long  seed  was  dominant 
over  short  seed  in  a ratio  of  15:1,  thus  suggesting  the  presence  of 
two  factors  governing  the  seed  shape  trait. 

From  p2  and  plants  of  crosses  between  long-seeded  (runner) 
and  short-seeded  (spanish)  types,  Hull  (1937)  obtained  a clear-cut  1 
long:2  intermediate:!  short  ratio,  with  no  detectable  dominance.  He 
also  observed  considerable  variation  in  the  shape  of  seeds  from  any 
one  plant  and  he  suggested  a possible  physiological  maternal  influence 
rather  than  the  genotype  itself  in  the  expression  of  seed  shape. 

Studies  on  the  mode  of  inheritance  in  crosses  involving  the 
Gujarat  narrow  leaf  mutant  led  Balaiah  et  al . (1977)  to  conclude  that 
kernel  shape  was  inherited  in  a simple  Mendelian  ratio  of  3 oblong:! 
round. 

Correlation  and  Heritability  Studies 

Correlation  and  heritability  estimates  are  useful  in  breeding 
programs  because  they  reveal  the  interdependence  between  traits,  and 
they  also  show  how  heritable  the  traits  are;  thus,  they  assist  in 
the  process  of  selecting  superior  individuals  from  a population. 
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Many  quantitative  traits  pertaining  to  yield,  plant  vigor  and 
seed  quality  in  peanuts  have  been  studied  (Hammons,  1973),  However, 
the  relationships  between  various  pod  traits  (i.e.,  pod  length,  pod 
breadth,  pod  length/pod  breadth  ratio,  pod  constriction  and  seed 
shape)  have  rarely  been  reported  in  the  literature.  On  the  other 
hand,  heritability  estimates  for  most  pod  traits  have  been  reported. 

Coffelt  and  Hammons  (1974b)  found  high  heritability  estimates  for 
pod  length,  pod  breadth  and  pod  length/pod  breadth  ratio,  which  was  in 
agreement  with  heritability  estimates  obtained  by  Majumdar  et  al . 
(1969).  This  indicates  that  parental  lines  superior  in  these  pod 
traits  can  be  used  in  crosses  with  a reasonable  expectation  of  obtain- 
ing the  parental  type  in  the  progeny.  Mohammed  et  al . (1978)  also 
reported  high  estimates  of  heritability  for  pod  length  with  values 
ranging  from  0.79  to  0.92. 


MATERIALS  AND  METHODS 


Six  peanut  genotypes  were  selected  for  this  study  and  were 
utilized  in  five  different  crosses  and  their  reciprocals,  with 
Chalimbana  peanut  variety  as  the  common  parent.  Table  1 shows  the 
identification  numbers  of  the  crosses  and  their  reciprocals. 


Table  1.  Varieties  and  experimental  lines  used  as  parents  in 
crosses  to  determine  the  inheritance  of  seed  shape  in 
peanut. 


Cross  number 

Parentage 

628A 

Chal imbana 

X 

UF  78114 

628B  (Reciprocal) 

UF  78114 

X 

Chal imbana 

629A 

Chal imbana 

X 

Early  Bunch 

629B  (Reciprocal) 

Early  Bunch 

X 

Chal imbana 

630A 

Chal imbana 

X 

Florunner 

630B  (Reciprocal) 

Florunner 

X 

Chal imbana 

632A 

Chal imbana 

X 

FI  ori  giant 

632B  (Reciprocal) 

FI  ori  giant 

X 

Chal imbana 

634A 

Chal imbana 

X 

UF  714021 

634B  (Reciprocal) 

UF  714021 

X 

Chal imbana 

The  six  genotypes  were  selected  on  the  basis  of  similarities 
or  differences  in  seed  shape  as  compared  with  Chalimbana,  the  common 
parent  in  all  the  crosses.  Table  2 shows  the  type  of  seed  shape  for 
each  of  the  six  genotypes  used. 
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Table  2.  Seed  shapes  of  six  peanut  genotypes  involved  in  the  crosses. 


Variety 

Type  of  seed  shape* 

Chalimbana 

Flat  end  surface 

UF  78114 

Smooth  rounded  end 

surface 

Early  Bunch 

Smooth  rounded  end 

surface 

Florunner 

Flat  end  surface 

FI  or i giant 

Smooth  rounded  end 

surface 

UF  714021 

Smooth  rounded  end 

surface 

* A 10  pod  sample  was  used  to  characterize  the  seed  shape  for  each 
variety. 


The  other  characteristics  related  to  each  genotype  can  be 
described  as  follows: 

Chal imbana  is  an  alternately  branched  runner  with  relatively  uncon- 
stricted pods  of  the  Jumbo  runner  pod  group  (Gibbons  and  Tattersfield, 
1969;  Brown,  1965).  Chalimbana  generally  has  two-loculed  pods,  with  a 
few  single  and  three-1 oculed  pods.  Kernel  color  is  dark  tan  and  has 
a 100  kernel  weight  of  approximately  100  grams.  The  kernels  are  diffi- 
cult to  blanch  because  of  the  flat  seed  shape.  It  matures  about  145 
days  from  planting. 

Florunner  is  derived  from  a cross  between  Early  Runner  and  Florispan. 
The  pods  and  seeds  of  Florunner  are  slightly  larger,  thicker  and 
lighter  in  color  than  pods  and  seeds  of  Early  Runner  (Norden  et  al., 
1969).  It  has  relatively  constricted  pods  thereby  producing  seeds 
that  have  flat  ends.  It  matures  in  approximately  135  days. 
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Early  Bunch  has  a spreading  bunch  growth  habit.  Seeds  are  of  the 
Virginia  market  type  weighing  about  105  g per  100  seeds.  The  cultivar 
is  characterized  as  having  uniform,  well -filled  pods.  It  has  oblong 
seed  slightly  darker  pink  than  seeds  of  Florigiant  (Norden  et  a1 . , 
1977). 

Florigiant  has  a spreading  growth  habit.  Pods  are  generally  large, 
uniform,  and  cylindrical  with  few  short,,  thick  and  crooked  pods. 

Seed  of  Florigiant  are  typical  of  Virginia  type  being  large,  elongated 
and  round  in  cross  section.  Florigiant  matures  in  approximately  135 
days  (Carver,  1969). 

78114  derived  from  a cross  made  in  1970  between  Early  Bunch  and 
F 416-2  and  is  a composite  of  9 lines.  The  pods  and  seeds  of  78114 
are  larger  than  Florigiant.  The  growth  habit  is  slightly  more  spread- 
ing than  Early  Bunch  (Norden,  1983,  personal  communication). 

UF  714021  is  a line  derived  from  the  cross  427B  and  is  closely 
related  to  the  "Altika"  variety  released  in  Guyana.  Plants  have  a 
bunch  growth  habit  with  the  typical  sequential  branching  pattern  of 
Virginia  botanical -type  peanuts.  The  pods  of  UF  714021  are  larger 
than  those  of  Altika.  UF  714021  matures  in  approximately  137  days 
(Norden  et  a1 . , 1972) . 

The  first  set  of  crosses  was  made  during  the  spring  of  1981  in 
the  greenhouse  at  the  University  of  Florida  Agronomy  Farm  and  a further 
set  of  crosses  was  made  during  summer  of  1982. 

Four  F.|  seeds  from  each  1981  and  1982  cross  were  increased  in  an 
off-season  nursery  in  Puerto  Rico  during  the  1981/82  and  1982/83 
winter  seasons,  respectively . 
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Measurements  on  pod  length,  pod  breadth,  and  pod  constriction 
were  taken  on  all  2-loculed  pods  from  each  F-j  plant  of  each  cross. 
Figure  1 shows  the  profiles  of  the  pod  dimensions  that  were  charac- 
terized. 

Pod  and  seed  trait  data  were  not  collected  on  single  and  3- 
loculed  pods.  The  use  of  3-loculed  pods  in  pod  and  seed  trait 
characterization  would  tend  to  overestimate  the  true  pod  length  and 
seed  shape  for  a particular  genotype.  On  the  other  hand,  single 
loculed  pods  would  underestimate  pod  length  typical  for  the  genotype, 
make  it  impossible  to  measure  the  diameter  of  pod  constriction,  and 
make  it  difficult  to  assess  the  true  seed  shape  of  a genotype. 

Seed  shape  in  this  study  is  considered  the  presence  or  absence 
of  the  flat  surface  at  the  end  where  the  two  seeds  meet  inside  a two 
loculed  pod.  Davidson  et  al . (1976)  and  Norden  et  al . (1982)  identify 
flat  seeds  as  those  seeds  that  ride  a round  hole  screen  having  a hole 
diameter  2.38  mm  larger  than  the  width  of  the  slot  in  the  slotted 
hole  screen.  Using  this  definition,  it  is  possible  to  quantify  the 
dimensions  suitable  for  the  identification  of  flat  seeds.  On  the 
other  hand,  Coffelt  and  Hammons  (1974a)  identify  flat  seeds  as  those 
found  within  unconstricted  pods.  Seed  in  such  pods  have  flattened 
ends  where  the  two  kernels  meet.  It  is  in  this  context  that  seed 
shape  was  scored  in  this  study.  Figure  2 shows  seed  of  two  of  the 
peanut  varieties  used  in  this  study,  with  contrasting  seed  shape 
characteristics  (photo). 
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Figure  1.  Profile  of  pod  dimensions  measured. 
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Figure  2.  An  example  of  contrasting  seed  shapes  in  two  peanut 
genotypes  used  in  the  study. 


Note:  Chalimbana,  on  left,  has  unconstricted  pods  and  a flat  seed 

shape. 

Early  Bunch,  on  right,  has  fairly  well  constricted  pods  and 
seeds  are  generally  oblong  with  round,  smooth  surfaces. 
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After  scoring  for  the  F-j  pod  and  the  F2  seed  traits,  seeds  from 
each  2-loculed  pod  were  marked  "A"  or  "B"  depending  on  the  position 
of  the  seed  in  the  pod,  i.e.,  apical  seed  were  marked  "A"  and  basal 
seed  were  marked  "B".  Each  seed  was  then  placed  in  a separate  enve- 
lope for  planting,  A pedigree  system  of  notation  was  used  for  identi- 
fying the  individual  seeds  in  the  envelopes  and  the  plants  arising 
from  them.  This  system  enables  the  researcher  to  trace  individual 
plants  and  lines  back  to  their  original  parentage  as  well  as  to  the 
specific  position  of  the  F2  seed  in  the  F^  pods. 

The  F2  seeds,  as  well  as  the  parental  seeds,  were  fungicide 
treated  and  planted  in  the  field  on  June  2nd,  1982,  at  the  University 
of  Florida  Agronomy  Farm.  The  seeds  were  sown  60  cm  apart  within  the 
row  and  91  cm  between  rows.  This  spacing  was  chosen  in  order  to  mini- 
mize interplant  competition.  Cultural  practices  were  performed  follow- 
ing the  guidelines  used  for  commercial  peanuts  in  Florida. 

Naturally  self  pollinated  F2  fruits  containing  F^  seeds  were  ob- 
tained at  harvest,  as  well  as  fruits  from  parents.  Fruits  were  ob- 
tained from  the  plants  which  had  the  identification  tags  attached 
following  machine  digging. 

The  time  of  harvest  was  based  on  accepted  and  previously  described 
indicators  of  physiological  maturity,  such  as;  general  yellowing  of 
foliage,  loss  of  lower  older  leaves,  hardness  and  pronounced  roughness 
of  the  external  pod  surface  (Sturkie  and  Buchanan,  1973)  and  decrease 
in  peg  strength  (Bailey  and  Bear,  1973). 

Upon  drying,  well  filled  2-loculed  pods  near  the  taproot  were 
handpicked  from  each  plant  and  bagged  separately,  each  bag  having  been 


16 


labelled  with  the  identification  number  of  the  plant.  After  the 
sample  was  dried  further  in  the  oven,  a pod  sample  was  withdraws  from 
each  bag  and  F2  pod  and  seed  traits  were  scored  for  each  individual 
pod  in  a similar  manner  as  described  for  F^  pods.  The  average  pod 
length,  pod  breadth,  and  pod  constriction  was  then  calculated  for 
that  particular  line. 

Seed  shape  was.  not  so  easily  quantifiable.  The  general  tendency 
was  that  all  the  pods  in  a sample  would  yield  the  same  seed  shape 
for  a particular  F^  genotype.  However,  in  a few  instances,  it  was 
apparent  that  the  seed  shape  was  variable  even  within  the  same  pod 
sample.  In  this  case,  the  recorded  seed  shape  was  the  one  in  major- 
ity. 

The  remainder  of  the  pods  were  then  hand  shelled  and  the  seed  was 
mixed  with  the  seeds  from  the  pod  sample  in  preparation  for  planting 
replicated  tests. 

The  April  1983  planting  of  field  experiments  consisted  of  the 
F-j , F2,  and  F^  for  each  cross  together  with  the  parents,  arranged  in 
randomized  blocks  replicated  3 times.  Ten  seeds  were  sown  per  row, 

60  cm  apart  within  the  row  and  91  cm  between  rows.  Cultural  prac- 
tices were  similar  to  those  used  for  the  F2  plants  the  previous  year. 

Self  pollinated  F^ , F2  and  F^  fruits  containing  F2,  F^  and  F^ 
seeds,  respectively,  were  obtained  at  harvest,  together  with  fruits 
from  the  self  pollinated  parents.  The  same  criteria  used  for  har- 
vesting and  sampling  F2  plants  in  the  1982  season  were  used  for  har- 
vesting and  sampling  the  F2  fruits  in  1983. 
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A few  representative  plants  per  line  were  sampled  in  plants 
bearing  seed,  and  pod  samples  from  those  plants  were  used  for 
scoring  for  pod  and  seed  traits  as  described  earlier. 

For  the  F^  plants,  only  ten  representative  pods  per  plant  were 
sampled  from  all  F-j  plants  for  scoring  pod  and  seed  traits. 

From  all  the  pod  measurements  taken  in  all  generations,  one 
important  variable  could  be  obtained  as  follows:  pod  shape  index  = 

pod  length/pod  breadth.  This  variable,  together  with  the  pod  con- 
striction, was  used  to  see  if  there  was  any  correlation  between  the 
variable  and  the  type  of  seed  shape. 

Methods  of  Analysis 

Chi-Square  Analysis  of  Segregation  Data 

The  first  F2  data  on  seed  shape  were  fitted  to  monogenic,  di genic 
and  trigenic  ratios  in  order  to  explore  which  fitted  the  data  best 
and  provide  the  basis  for  genetic  models  and  hypotheses  on  the  inher- 
itance of  seed  shape. 

The  F^  and  F^  seed  generation  data  were  also  used  for  testing 
the  models  and  hypotheses,  using  chi-square  techniques  as  described 
by  Snedecor  and  Cochran  (1967). 

Heritabilities  and  Correlations 

Estimates  of  heritability  for  the  various  traits  and  genotypic 
as  well  as  phenotypic  correlations  among  traits  were  obtained  from 
variance  and  covariance  component  analysis  using  F^  plant  data.  To 
facilitate  the  computations,  seed  shape  data  were  coded  2 = flat-end 
shape  and  1 = smooth-shaped  seeds.  The  relevant  parts  of  the  analysis 
of  variance  and  the  mean  square  expectations  are  presented  in  Table  3. 
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Table  3.  Relevant  parts  of  the  analysis  of  variance  and  mean  square 
expectations  for  plants  (F^  seeds). 


Source  of 
Variance 

df 

Mean 

Square 

Expectation  of  Mean  Square 

Total 

5782 

Cross 

9 

5 ^pod+l<i5^p(F,C)+k26^p^^j+k26^^ 

Family  (Cross) 

27 

6^pod+k^5%(F,C)+k26^P(^,) 

Plant  (Family 
Cross) 

316 

"2 

5 ^pod+k-|5^p(F,C) 

Pod  (Plant 
Family  Cross) 

5430 

"l 

5 ^pod 

The  within  family  estimate  of  heritability  was  computed  as  follows: 

^2  , Ml  g^p(F.C) 

5^p(F,C)  + 5 pod  (Plant,  Family,  Cross) 

The  genotypic  correlation  among  the  traits  was  computed  as  follows: 

rq  = 

V 2p(F,c)  ^(F,C) 

Yl  Y2 

The  phenotypic  correlation  among  traits  was  computed  as  follows: 


'^°''P(F>C)  + ^°Vd(P,F,C) 



V (5^p(F,C)^  +6^pod  (P,F,C)^  )(5%CF,C)^  + 5%od(P,F,C,)  ) 

^1  -^1  ■^2 


The  relative  efficiency  of  indirect  selection  for  one  trait  (x)  as  a 
result  of  selecting  for  another  trait  (y)  was  calculated  by  the  method 
of  Falconer  (1952)  assuming  the  selection  intensities  for  both  traits 
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were  equal  and  expressed  as  a percentage  of  response  expected  when 
selection  was  for  the  trait  itself. 

^ X 100 

where  hx,  hy  and  rg^^  were  the  square  roots  of  the  heritabil ities 
and  the  genotypic  correlation  of  (x)  and  (y),  respectively.  and 
Rj^  refer  to  the  correlated  response  to  indirect  selection  for  trait  (x) 
and  to  the  direct  response  to  selection  for  trait  (x),  respectively. 


RESULTS  AND  DISCUSSION 


Parental  Generation 

An  parental  lines  bred  true  for  presence  or  absence  of  flat  seed 
shape  as  indicated  by  the  observation  on  the  seed  shape  type  among 
plants  of  the  parental  rows  interspaced  among  the  offspring  generations 
during  the  plantings  of  1982  and  1983,  with  the  exception  of  UF  714021. 

Hybrid  Generations 

Assessment  of  the  type  of  seed  shape  among  the  F-j  seed  of  each 
cross  was  not  undertaken  due  to  the  fact  that  the  pod,  bearing  the  F^ 
seed,  is  of  maternal  origin  (Tan,  1972,  and  Godoy  and  Norden,  1981), 
and  greatly  influences  the  morphological  traits  of  seed  of  the  ensuing 
generation,  such  as  seed  shape  and  size. 

However,  measurements  were  first  taken  on  F2  seed  contained  in 
F-j  pods.  Table  4 presents  the  means  and  ranges  for  pod  length,  pod 
breadth,  pod  constriction  and  type  of  seed  shape.  Also  presented  are 
the  measurements  undertaken  on  the  parents  of  each  cross. 

Tables  5 and  6 present  in  a similar  fashion  the  measurements  taken 
on  F^  seed  in  F2  pods  and  F^  seed  in  F^  pods,  respectively. 

The  F^  pod  traits  (i.e.,  pod  length,  pod  breadth  and  pod  constric- 
tion) from  Cross  628  were  generally  intermediate  between  the  parents 
involved  (Table  4).  Seed  shape  segregation  showed  more  of  the  flat 
type  of  seed  than  the  smooth  type.  There  were  no  distinct  differences 
in  pod  traits  and  seed  shape  among  the  progeny  in  both  the  original 
Cross  628  and  its  reciprocal. 
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Table  4.  Means  and  ranges  for  Pod  Length,  Pod  Breadth,  Pod  Constriction  and  seed  shape  for  parents 
and  pods  bearing  F2  seeds. 
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Table  6.  Means  and  ranges  for  Pod  Length,  Pod  Breadth,  Pod  Constriction  and  seed  shape  for  the 
parents  and  the  F3  pods  bearing  F4  seed. 
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In  Cross  629,  there  was  a greater  tendency  for  F-j  pod  traits  of 
the  progeny  to  approach  those  of  the  smaller  parent.  Early  Bunch,  in 
both  the  original  cross  and  its  reciprocal.  Segregation  of  seed  shape 
showed  more  of  the  flat  type  of  seed,  associated  with  the  touching  of 
seed  inside  the  pod,  in  both  the  original  and  its  reciprocal  cross. 

In  Cross  630,  as  in  Cross  629,  the  F-|  pod  traits  showed  a greater 
tendency  to  resemble  the  smaller  parent,  Florunner,  than  the  Chalimbana 
pod  traits.  In  addition,  there  was  a marked  shift  towards  the  flat 
type  of  seed  shape  in  both  the  original  and  its  reciprocal  cross.  This 
was  expected,  since  both  parents  exhibit  a flat  type  of  seed  shape. 

It  is  possible  that  any  smooth  type  of  seeds  in  this  particular  cross 
arose  mainly  by  sampling  error. 

An  overview  picture  of  Crosses  632  and  634  indicated  that  the  F-j 
pod  traits  were  intermediately  between  the  parents  involved  and  segrega- 
tion for  seed  shape  was  also  mainly  towards  the  flat  rather  than  the 
smooth  type  of  shape. 

The  traits  of  the  progeny  of  Cross  628  resembled  those  of 

the  smaller  parent  (UF  78114)  more  than  those  of  Chalimbana, 
and  there  was  no  marked  difference  between  the  original  and  its  recip- 
rocal cross  (Table  5),  Seed  shape  segregation  was  towards  the  flat 
type  of  seeds  more  in  the  reciprocal  than  in  the  original  cross. 

In  Cross  629,  there  was  a greater  tendency  for  traits  to 

resemble  those  of  the  smaller  parent.  Early  Bunch,  in  both  the  original 
cross  and  its  reciprocal.  A similar  response  pattern  was  observed 
among  the  progeny  of  this  cross  in  the  previous  season.  Segregation 
of  seed  shape  was  more  towards  the  flat  than  the  smooth  type  of  seed 
shape. 
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In  Cross  63Q,  the  response  pattern  was  the  same  as  in  the  previous 
season  with  the  Florunner  parent  having  a greater  influence  on  F2  pod 
traits  than  the  Chalimbana  parent.  Seed  shape  segregation  also  showed 
a marked  shift  towards  the  flat  type,  since  both  parents  have  the  flat 
type  of  seed  shape. 

In  Cross  632,  there  is  not  clear  cut  picture  observed,  with  F2  pod 
traits  of  some  progeny  being  intermediately  between  those  of  the  parents 
and  others  being  smaller  than  those  of  the  smaller  parent.  This  situa- 
tion occurred  both  in  the  original  and  its  reciprocal  cross.  As  in  the 
previous  season,  the  flat  type  of  seed  showed  up  more  frequently  than 
the  smooth  type. 

In  Cross  634,  the  F2  pod  traits  were  generally  intermediately 
between  the  two  parents  even  though  there  was  a tendency  in  some 
progeny  lines  to  resemble  the  smaller  parent  (UF  714021)  more  than  the 
Chalimbana  parent.  Seed  shape  segregated  more  for  the  flat  than  the 
smooth  in  both  the  original  and  the  reciprocal  cross. 

The  F^  pod  traits  of  Cross  628  were  generally  intermediately 
between  the  pod  traits  of  the  two  parents  in  both  the  original  and  the 
reciprocal  cross  (Table  6).  This  is  what  was  observed  on  pod  traits 
among  the  F^  progeny  (Table  4)  but  not  in  the  F2  (Table  5).  Seed 
shape  segregation  was  similar  to  that  observed  previously  among  the 
progeny  lines  of  this  cross,  with  flat  seed  showing  up  more  frequently 
than  the  smooth  type. 

In  Cross  629,  F^  pod  traits  were  also  intermediately  between  those 
of  the  two  parents,  unlike  the  previous  two  seasons  when  pod  traits 
resembled  those  of  the  smaller  parent.  Early  Bunch,  more  than  those 
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of  Chalimbana.  Seed  shape  segregated  more  for  the  flat  than  the 
smooth  type  and  this  was  a consistent  observation  throughout  the  three 
seed  generations. 

In  Cross  630  there  is  more  evidence  to  show  the  greater  influence 
of  Florunner  on  pod  traits  among  the  progeny  than  that  of  Chalimbana. 
Throughout  the  three  pod  generations,  the  progeny  pod  traits  resembled 
those  of  the  smaller  parent  more  than  the  Chalimbana  parent,  even 
though  the  pod  size  of  the  progeny  was  slightly  enlarged  as  compared 
with  the  pod  size  of  Florunner.  Seed  shape  segregation  clearly  shows 
that  any  smooth  types  observed  probably  have  arisen  through  sampling 
error. 

in  Cross  632,  the  F^  pod  lengths  among  the  progeny  were  generally 
less  than  the  pod  lengths  of  the  smaller  parent,  FI ori giant,  in  both 
the  original  and  the  reciprocal  cross.  Seed  shape  segregated  as  in 
previous  generations  with  more  flat  types  than  smooth  types. 

In  Cross  634,  most  of  the  F2  pod  traits  were  intermediately 
between  the  two  parents  although  there  was  a tendency  for  pod  lengths 
to  be  shorter  than  those  of  the  smaller  parent.  Seed  shape  segregation 
showed  flat  types  more  frequently  than  the  smooth  types  as  in  previous 
seed  generations. 

The  segregation  of  pod  traits  among  the  progeny  of  Cross  630, 
which  involves  Chalimbana  and  Florunner,  is  particularly  interesting 
to  note.  In  the  F-| , F2  and  F3  pod  generations,  the  pod  traits  of  the 
progeny  resembled  the  smaller  parent  more  than  the  larger  parent.  Simi- 
lar observations  have  been  reported  by  other  workers  (Godoy  and  Norden, 
1981;  Chiow  and  Wynne,  1983)  who  noted  that  when  the  parents  differed 
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substantially  for  the  traits,  as  in  the  case  of  pod  length,  pod  breadth 
and  pod  constriction,  the  smaller  type  was  the  dominant  parent. 

In  addition,  unlike  Godoy  and  Norden,  1981,  who  observed  only  a few 
split  pods  in  the  progeny  of  the  material  in  their  study,  an  unexpect- 
edly large  number  of  split  pods  was  observed  among  the  progeny.  This 
was  apparently  due  to  the  growth  of  the  larger  seeds  within  the  pods 
exerting  pressure  on  the  insufficiently  strong  shells.  This  observa- 
tion would  have  important  breeding  implications  in  the  improvement  of 
the  yielding  capacity  for  Chalimbana  if  a small-podded  line  like 
Florunner  is  utilized  as  one  of  the  parents. 

Inheritance  of  Seed  Shape 

The  seed  segregation  data  in  Crosses  628,  629,  630,  632  and 
634  were  tested  for  goodness-of-fit  to  a monogenic  ratio  of  3 flat- 
ended  shape  to  1 smooth-shaped  by  means  of  chi-square  analysis.  The 
data  are  presented  in  Table  7. 

Chi-square  values  obtained  for  the  Crosses  628,  629  and  632  and 
their  reciprocal  crosses  were  non-significant  at  the  5 percent  proba- 
bility level.  Pooled  chi-square  values  for  the  crosses  and  their 
reciprocals  were  also  non-significant  at  the  5 percent  probability 
level,  indicating  that  the  data  fit  the  suggested  monogenic  ratio  for 
the  crosses  involved. 

The  chi-square  values  for  crosses  630  and  634  did  not  fit  the 
proposed  monogenic  ratio  of  3:1.  This  was  expected  for  Cross  630, 
since  both  parents  exhibit  flat  seed  shape.  Indeed,  it  was  speculated 
that  any  observed  smooth-shaped  seeds  in  this  population  may  have 
arisen  due  to  misclassification  of  seed  shape.  As  will  be  seen  in 
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in  Tables  9,  10,  11,  and  12,  this  speculation  is  given  more  weight 
considering  the  very  low  numbers  of  seed  classified  as  smooth  shaped. 

The  seed  segregation  data  for  cross  634  and  its  reciprocal  sig- 
nificantly (P<0.01)  deviated  from  the  expected  ratio  of  3:1,  indicating 
that  the  mode  of  inheritance  of  seed  shape  in  this  population  is  dis- 
tinct from  that  in  other  crosses.  A different  phenotypic  ratio  was 
tentatively  applied  (9  flat  to  7 smooth)  and  the  chi-square  values  did 
not  significantly  deviate  from  the  expected  ratio  of  9:7,  indicating 
that  the  data  fits  the  suggested  ratio.  Table  8 shows  the  chi-square 
analysis  test  for  goodness-of-fit  to  a 9:7  ratio. 

Tables  9 and  11  show  the  chi-square  analysis  of  seed  segregation 
data  in  the  and  seed  generations,  respectively,  of  the  crosses 
628,  629,  360  and  632,  The  analysis  of  the  F^  and  F^  seed  segregation 
data  for  cross  634  is  provided  separately  in  Tables  10  and  12. 

The  data  in  Table  9 was  analyzed  by  chi-square  test  of  goodness- 
of-fit  to  the  ratio  5 flat: 3 smooth  (3AA:2Aa:3aa  being  the  theoretical 
monogenic  ratio  in  F^  with  self-fertilization)  and  the  F^  data  in  Table 
11  was  tested  for  goodness-of-fit  to  a 9:7  ratio  for  a similar  reason. 

The  F2  and  F^  seed  segregation  data  for  Grosses  628,  629  and  632 
in  both  Tables  9 and  11,  did  not  deviate  significantly  from  the 
proposed  ratios,  thus  giving  further  support  to  the  proposed  monogenic 
mode  of  seed  shape  inheritance  in  these  Crosses. 

As  expected,  however,  seed  segregation  data  for  Cross  630  in  both 
seed  generations,  deviated  significantly  (P<0.01)  from  the  expected 
ratio.  There  were  far  fewer  pods  containing  smooth-shaped  seeds. 
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Table  10,  Fa  seed  segregation  data  for  Cross  634  analyzed  by  chi-square  test  for  goodness-of-fit  to 


38 


o 

as 

S- 

<u 

sz 


0) 

3 

O r- 

rt3 

>>  > 

+-> 

r~ 

•I-CVJ 

o 

o 

O 

1—  X 

• 

• 

♦ 

•r» 

o 

o 

o 

k- 

V 

V 

V 

(O  a; 

-Q  4-) 

O #0 

i.  <U 

Ci- 

cn 

CVJ 

<n 

CVJ 

CVJ 

o 

CO 

CvJ 

CO 

CO 

X 

• 

• 

• 

o> 

o 

o 

CO 

CM 

CVJ 

O 

o 

o 

CVJ 

ov 

o 

cn 

ov 

1— 

X3 

<D 

<u 

Q. 

> 

to 

(U 

t/) 

(/) 

o 

o 

o 

-Q 

LT) 

CVJ 

O 

4-> 

O 

I— 

</) 

“O 

o 

E 

o 

CO 

CL 

CVJ 

lu 

<u 

Q. 

o 

ro 

x: 

O 

o 

o 

u 

00 

CVJ 

o 

CVJ 

<D 

CO 

E 

3 

r~ 

Z 

LU 

t- 

CO 

OJ 

<c 

CQ 

to 

CO 

o 

E 

CO 

CO 

4-> 

S- 

3 

CO 

CO 

o 

o 

Z 

t— 

<0 

CVJ 

c 

o 

CO 

.n 

E 

•1— 

u_ 

CO 

to 

CD 

4-> 

o 

c 

X 

(U 

X 

S- 

as 

c 

CL. 

(C 

CVJ 

.a 

o 

E 

rn 

JC 

Li. 

o 

39 


s- 

o 


CO 

(V 


<V 

O r- 
fO 

I—  X 


c; 

w 

(O 

3 

cr 

to 

i 


s. 

03  0> 
^ +J 
O fO 
<D 

Q.  S. 


>> 


CVJ 

X 


“O 

a; 

fsl 

>> 


<o 

c 

ro 

CVJ 

ro 

to 


ro 

4-> 

O 


O 

CO 

to 


cr> 

C\J 

to 


CO 

CM 

to 

to 

Q)  ^ 

to  ro 
</>  r*^ 

o •• 

S-  CT> 

o 

o 

C T- 
•r-  4-^ 

to 
to  U 
•M 

ro  OJ 

-O  ^ 
4-> 

e 

o o 


ro  -»-> 
cn»i- 
OJ 

I 

om- 
OJ  o 
to  I 
to 

"O  to 
cu  03 
OJ  c 
to  "O 
o 

Lu  0> 


-D 

O) 

> 

S. 

o; 

to 

o 

to 

“O 

o 

Q. 

CO 


o 

03 

£ 

3 


O) 

Q_ 

to 

oo 


o 

o 


to 


0> 

Q- 

ro 

JZ 

(/> 

-P 

to 


to 

lO 

o 

S- 

CJ> 


s. 

03 

E 

3 


C 

03 

ro 

Q. 


03 


to 


U O 

LO  Lf)  O 

LO  LO  LO 

r— 

LO  LO  LO 

CVJ  CM  1— 

O CM  O 

o o o 

CM  CM  CM 

o o o 

o o o 

o o o 

o o o 

V V V 

CM  LO  00 

^ 00  I— 

O CM  r- 

ov  to 

00  <Ti  1— 

CO  CO  ov 

CO  00  LO 

CO  CO  o 

CO  CM  CT» 

CM  CM  O 

CO  CM 

to  to  to 

00  00  oo 

to  o 

CO  00  yQ 

LO  CM 

c o ■— 

CM  O CO 

LO  to  O 

O O r— 

f— ' LO 

LO  o LO 

LO  LO  o 

o o o 

LO  LO  o 

CO  CM  o 

r-  LO 

«0-  r—  LO 

CO  CM  1— 

to 

CO  CM  LO 

to  to 

P>-  ^ CM 

1—  f—  CM 

CO  O CO 

LO  00  00 

LO  LO  O 

CO  P^  O 

CO  to  C3V 

o to  to 

r— 

CO  P^  1— 

CM  CM 

to  LO  I— 

CO  r—  LO 

CM  O CM 

O CM  CM 

LO  LO  O 

CM  00  O 

LO  to  1— 

1—  OV  O 

CO  O ^ 

Lf)  O 

CO  ^ 

to  ^ 

to  to 

^ CM 

cC  CQ  1— 

<C  CQ  1 — 

C<i<— 

cCCQ  r- 

00  00  <o 

OV  CT>  ro 

O O to 

CM  CM  (O 

CM  CM  4-> 

CM  CM  +-> 

CO  CO  -M 

CO  CO 

to  to  O 

to  to  o 

to  to  o 

to  to  O 

1— 

1— 

1— 

1— 

+->  ro 

S-  ro 

C C 

^ <o 

JZ  to 

03  C 

ro  ro 

1—  C 

o c 

C ro 

•r-  JQ 

^ (O 

C to 

C JZ 

O)  E 

CO  ^ 

3 JO 

=3  E 

•r—  »r- 

E 

CQ  E 

*r- 

S. 

•1“ 

o •— 

O to 

Lu  r— 

• 1— 

r—  ro 

1 — ^ 

Z3  tT3 

LlJ  (O 

Li.  ^ 

Li.  O 

jC 

-C 

O 

X o 

X o 

X 

X X 

X 

rr3  X 

ro  X 

to 

(T3  -4-) 

c 

c 

c s- 

c c 

to 

to  x: 

to  <u 

<0  ro 

^ 1— 

-Q  o 

JQ  C 

-Q  *1- 

S r- 

E C 

E C 

E D) 

•I-  00 

•r-  3 

3 

1— 

1—  CQ 

1—  S. 

r-  S. 

ro 

ro 

to  o 

ro  O 

^ Li. 

-C  • 

-3  r— 

-C  f— 

O 3) 

O LlJ 

C.3  U. 

O Lu 

ro 

ro 


ro 

C 

CVJ 


< 

C 

• 

+-> 

e 

to 

ro 

O 

♦r* 

c 

tu. 

o 

•r^ 

•r^ 

C 

4-> 

O) 

ro 

IM 

CO 

r~ 

0) 

•r™ 

4-> 

4-> 

•r“ 

S. 

3 

03 

cr 

M- 

1 

j-i 

o 

^— 

c 

03 

t/1 

to 

•r~ 

+J 

4-> 

3 

u. 

00 

c 

• 

•»- 

CO 

o 

r% 

•r“ 

03 

+-) 

3 

ro 

r— ' 

S. 

ro 

> 

• 

«r- 

to 

C 

“O 

C 

03 

03 

03 

03 

<J 

O 

t/) 

c 

03 

Q 

Q. 

E 

Lu 

LO 

CD 

to 

C 

03 

o 

•r" 

x: 

S. 

+4 

ro 

03 

03 

CO 

s. 

JQ 

03 

o 

03 

CO 

C3 

-C 

“O 

ro 

+J 

O 

O 

Q. 

S. 

03 

Q, 

CO 

Q. 

h- 

tu 

c 

to  JQ  U 


seed  segregation  data  for  Cross  634  analyzed  by  chi-square  test  for  goodness-of-fi 
to  the  ratio  9:7. 
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again  giving  support  for  the  speculation  that  such  smooth  types  of 
seed  in  this  cross  should  have  originated  from  possible  misclassifica- 
tion  of  seed  shape  or  by  sampling  error. 

The  and  seed  segregation  data  in  Tables  9b  and  10b  for 
cross  634,  deviated  significantly  (P<0.01)  from  the  proposed  ratio 
and  fail  to  support  the  segregation  frequency  observed  for  this 
population  in  the  F2  seed  generation.  The  unusual  segregation  fre- 
quencies observed  cannot  be  easily  explained.  They  could  be  due  to 
any  of  the  following  reasons:  a)  that  the  original  parent  (UF  714021) 

does  not  breed  true  to  type  as  regards  seed  shape.  Seed  from  the 
UF  714021  has  been  observed  to  have  both  the  flat  and  smooth  shapes 
in  different  pods  obtained  from  the  same  parental  plant  (see  Tables  4 
and  5);  b)  could  be  due  to  possible  misclassification  of  seed  shape; 
or  c)  due  to  sampling  error.  Further  studies  are  needed  to  determine 
which,  if  any,  of  these  explanations  is  correct. 

Proposed  Genetic  Model 

The  proposed  gene  symbols  for  five  of  the  six  parents  used  in 
these  studies  are  given  in  Table  11. 
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Table  13.  Proposed  gene  symbols  for  seed  shape  of  the  parents  used 
in  crosses  to  investigate  the  mode  of  inheritance  of  seed 
shape. 


Parent 

Phenotype 

Genotype 

Chal imbana 

Flat  end  surface 

SS 

Florunner 

Flat  end  surface 

SS 

UF  78114 

Smooth,  rounded  end  surface 

ss 

Early  Bunch 

Smooth,  rounded  end  surface 

ss 

FI  ori  giant 

Smooth,  rounded  end  surface 

ss 

The  proposed  genetic  model  assumes  that  seed  shape  in  peanuts 
is  inherited  monogenical ly  with  the  flat  end  shape  (SS)  being  domi- 
nant over  the  smooth  end  surface  (ss).  Thus,  when  Chalimbana  (SS) 
is  crossed  with  UF  78114  (ss),  for  example,  the  pods  from  the  cross 
should  yield  an  seed  shape  segregation  of  lSS:2Ss:lss.  However, 
since  the  flat  end  shape  (SS)  is  dominant  over  the  smooth  end  shape 
(ss),  a phenotypic  ratio  of  3:1  is  observed.  The  chi-square  analysis 
test  for  goodness-of-fi t has  shown  this  to  be  true.  In  crosses  invol- 
ing  Chalimbana  (SS)  and  Florunner  (SS),  all  seed  in  the  progeny  should 
be  flat.  The  data  here  have  yielded  a few  smooth  types  in  such  a 
cross,  but  this  is  most  likely  due  to  sampling  error  or  possible 
misclassification  of  seed  shape,  or  both.  The  proposed  model  seems 
to  be  strongly  supported  by  data  from  the  1^3  ^nd  F^  seed  genera- 
tions for  Crosses  628,  629,  630  and  632. 
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This  finding  is  in  agreement  with  results  reported  by  Hull  (1937) 
and  Balaiah  et  al . (1977),  who  found  similar  modes  of  seed  shape 
inheritance  in  peanut,  even  though  their  seed  shape  classifications 
were  different  from  the  classification  used  in  this  study.  Balaiah 
et  al . (1977)  concluded  that  kernel  shape  was  inherited  in  a simple 
Mendel ian  ratio  of  3 oblong:!  round  whereas  Hull  (1937)  obtained  a 
clear  cut  ratio  of  1 long:2  intermediate:!  short,  with  no  detectable 
dominance. 

This  finding  is,  however,  contrary  to  what  Hayes  (1933)  reported. 
Hayes  concluded  that  long  seed  was  dominant  over  short  seed  in  a 
ratio  of  15:1,  thus  suggesting  the  presence  of  two  factors  governing 
the  seed  shape  trait. 

Such  a discrepancy  should  be  expected  especially  due  to  the 
tetraploid  nature  of  the  cul tiva ted  peanut  where  monogenic,  digenic 
and  tri genic  ratios  have  been  reported  for  the  inheritance  of  some 
traits.  It  is  possible  that  the  parent  UF  714021  used  in  this  study 
could  also  be  governed  by  a different  set  of  factors  in  the  control 
of  seed  shape.  Further  studies  on  this  topic  are  needed. 

Heritabil ities  and  Correlations 

2 

Table  14  presents  the  heritabil i ties  (h  ) of  pod  length,  pod 
breadth,  pod  constriction  index,  pod  shape  index  (i.e.,  pod  length  to 
pod  breadth  ratio)  and  seed  shape  together  with  the  phenotypic  (rp)  and 
genotypic  (r^)  correlations  among  traits. 

Estimates  of  heritabilities  were  generally  low,  ranging  from 
0.54  for  pod  length  to  0.26  for  seed  shape.  Low  estimates  of 
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heritability  for  pod  length  have  been  observed  before  (Badwal,  1965; 

Basu  and  Asoka  Rajo,  1969;  and  Chiow  and  Wynne,  1983)  generally  in  the 
range  of  the  heritability  estimate  reported  here.  Other  workers  have 
reported  high  heritability  estimates  for  pod  length.  Majumdar  et  al . 
(1969),  Coffelt  and  Hammons  (1974b),  Mohammed  et  al . (1978)  and  Wynne 
and  Rawlings  (1978)  reported  high  heritability  estimates  for  pod  length, 
ranging  from  0.79  to  0.92. 

Such  discrepancies  in  estimates  of  heritability  for  a trait  are 
to  be  expected  since  an  estimate  varies  with  the  environmental  condi- 
tions in  which  the  plants  were  grown,  the  specific  genetic  population 
structure  from  which  it  was  estimated  (Cahaner  and  Hillel,  1980)  and 
the  method  used  to  estimate  the  heritability  (Coffelt  and  Hammons, 
1974b). 

Previous  reports  of  heritability  estimates  for  pod  breadth  have 
indicated  high  heritabilities  (Majumdar  et  al . (1969)  and  Coffelt  and 
Hammons,  1974b).  A low  estimate  of  heritability  for  pod  breadth  (0.38) 
was  observed  in  this  study,  which  can  be  explained  using  the  same 
grounds  as  for  pod  length. 

Since  the  heritability  estimates  for  pod  length  and  breadth  were 
low  in  this  study,  then  one  would  expect  the  heritability  estimate  for 
pod  shape  index  (pod  length/breadth  ratio)  to  be  low.  As  expected, 
the  heritability  estimate  for  pod  shape  index  was  low  (0.43)  and  is 
contrary  to  the  high  estimate  of  heritability  for  pod  shape  index 
reported  by  Coffelt  and  Hammons,  (1974b). 

Heritability  estimates  have  not  been  reported  for  pod  constric- 
tion index  and  seed  shape.  In  this  study,  low  estimates  of  herita- 
bility for  pod  constriction  index  (0.36)  and  seed  shape  (0.26)  were 


observed. 
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Genotypic  correlations  were  generally  higher  than  phenotypic 
correlations.  Similar  results  in  peanut  have  been  found  by  other 
workers  (Chiow  and  Wynne,  (1983);  Cahaner  and  Hillel  (1980);  Lin 
(1966);  Layrisse  et  al . (1980)  and  Mohammed  et  al . C1978)). 

Pod  length  was  highly  correlated  both  phenotypical ly  and  geno- 
typically with  pod  breadth,  suggesting  that  phenotypic  selection  for 
longer  pods  could  result  in  broader  pods.  A similar  conclusion  is 
implied  for  pod  breadth  and  pod  constriction  index  which  were  nega- 
tively highly  correlated  both  phenotypical ly  and  genotypically;  i.e., 
selection  for  broader  pods  should  result  in  pods  with  little  or  no  pod 
constriction. 

None  of  the  four  traits  (pod  length,  pod  breadth,  pod  constriction 
index  and  pod  shape  index)  were  positively  highly  correlated  with  seed 
shape. 

Pod  length  had  a relatively  low  negative  correlations  both  pheno- 
typically  and  genotypically  with  seed  shape  suggesting  that  selection 
for  longer  pods  could  result  in  pods  with  smooth  seed  shape.  (It  should 
be  remembered  that  seed  shape  was  coded  as  2 = flat  end  shape  and  1 = 
smooth  shape  to  facilitate  the  analysis.) 

Pod  breadth  had  a low  negative  phenotypic  correlation  and  a rela- 
tively low  positive  genotypic  correlation  with  seed  shape  suggesting 
that  phenotypic  selection  among  the  segregating  population  for  pods 
with  enlarged  breadth  may  or  may  not  result  in  pods  with  smooth  seed 
shape  depending  on  the  genetic  constitution  of  the  population  and  the 
environmental  conditions  in  which  the  population  is  grown.  As  such, 
pod  breadth  alone  would  seem  to  be  an  unreliable  trait  to  select  for 
if  pods  with  smooth  shaped  seeds  are  desired. 
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The  trait  pod  shape  index  had  a low  negative  phenotypic  correla- 
tion and  a medium  negative  genotypic  correlation  with  seed  shape,  sug- 
gesting that  phenotypic  selection  for  increased  pod  shape  index  could 
result  in  pods  with  smooth-shaped  seed. 

Pod  constriction  index  had  low  positive  phenotypic  and  genotypic 
correlations  with  seed  shape.  The  values  obtained  in  this  study  sug- 
gest (a)  that  phenotypic  selection  for  pods  with  little  or  no  constric 
tions  could  result  in  pods  that  have  flat-end  seed  shape  but  (b)  pheno 
typic  selection  of  pods  with  constrictions  could  yield  pods  with  the 
desirable  smooth-sahped  seeds. 

Relative  Efficiency  of  Indirect  Selection  of  Trait  (x)  due 
to  Selection  for  Trait  (yT 

The  results  on  genotypic  and  phenotypic  correlations  presented  in 
Table  14  suggested  that  an  analysis  of  the  data  be  undertaken  to 
determine  the  relative  efficiency  of  indirect  selection  of  trait  (x) 
(i.e.,  improved  seed  shape)  due  to  selection  for  trait  (y)  (i.e.,  pod 
length,  pod  breadth,  pod  constriction  index,  or  pod  shape  index). 

Table  15  presents  the  relative  efficiencies  of  selection  expressed  as 
percentages  of  the  progress  expected  when  selection  was  for  the  trait 
(x)  itself. 

The  data  strongly  show  that  selection  for  improved  (smooth)  seed 
shape  can  best  be  achieved  by  selecting  for  smooth  seed  shape  itself 
or  by  indirectly  selecting  for  increased  pod  shape  index.  The  pod 
shape  index  trait  had  a high  negative  association  with  seed  shape 
(-101)  suggesting  that  indirect  selection  for  increased  pod  shape  in- 
dex would  result  in  improved  seed  shape  as  efficiently  as  selecting 
directly  for  improved  seed  shape  itself.  This  should  be  expected  due 
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to  the  high  (-0.62)  genotypic  correlation  between  pod  shape  index  and 
seed  shape,  and  also  due  to  the  relatively  higher  estimate  of  herita- 
bility  for  seed  shape. 

The  next  best  alternative  is  to  indirectly  select  for  pod  length 
which  had  a high  (-92)  negative  association  with  seed  shape  in  this 
study. 
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Breeding  Implications 

Improvement  of  seed  shape  is  an  important  objective  in  many  pea- 
nut breeding  programs.  This  study  should  help  improve  the  blanchabil ity 
of  the  Chalimbana  peanut  through  the  genetic  improvement  of  its  seed 
shape. 

Genetic  analysis  of  the  data  has  shown  that  seed  shape  has  a low 
estimate  of  heritability  (26  percent).  The  implication  here  is  that 
in  a breeding  program,  selection  for  improved  seed  shape  would  be  more 
efficient  in  later  generations  (Fg  to  Fg)  rather  than  in  earlier  genera- 
tions. Simmonds  (1979)  has  emphasized  that  heritability  is  one  com- 
ponent of  response  to  selection  and  this  means  that  traits  with  low 
estimates  of  heritability  are  better  left  till  later  generations  before 
selection  pressure  for  the  desired  trait  is  applied.  This  fact  is 
empirically  well  known  to  plant  breeders,  so  the  heritabilities  merely 
confirm  the  familiar. 

The  data  on  genotypic  and  phenotypic  correlations  together  with 
the  data  on  indirect  selection  have  suggested  that  it  is  equally  effi- 
cient to  indirectly  select  for  smooth-shaped  seeds  through  selection  of 
increased  pod  shape  index.  From  experience  obtained  in  this  study, 
a pod  shape  index  of  2.80  and  above  generally  yields  pods  with  smooth- 
shaped seeds.  This  value  may  vary  with  different  peanut  populations 
but  would  be  a good  indicator  where  improvement  of  seed  shape  is 
desired  in  the  Chalimbana  peanut  variety. 


SUMMARY  AND  CONCLUSIONS 


A study  was  conducted  to  determine  the  mode  of  inheritance  of 
seed  shape  in  peanut  (Arachis  hypogaea  L.).  Estimates  of  herita- 
bility  for  pod  length,  pod  breadth,  pod  constriction,  pod  shape  index 
and  seed  shape  were  made.  The  genotypic  and  phenotypic  correlations 
among  the  five  traits  were  also  determined.  The  study  involved  five 
crosses  and  their  reciprocals  and  the  progenies  up  to  the  seed 
generation  were  analyzed. 

The  following  conclusions  appeared  to  be  justified  from  this 
study. 

1.  In  four  of  the  five  crosses,  the  inheritance  of  seed  shape 
is  monogenically  controlled  with  the  flat-end  shape  (SS)  being  domi- 
nant over  the  smooth-end  shape  (ss).  In  one  cross,  the  inheritance 

of  seed  shape  was  unknown  probably  due  to  the  presence  of  other  factors. 

2.  The  estimates  of  heritability  for  the  five  traits  were  low, 
ranging  from  0.54  for  pod  length  to  0.26  for  seed  shape.  This  fact 
suggested  that  selection  for  improved  (smooth)  seed  shape  would  be 
more  effective  in  later  generations  rather  than  in  earlier  generations. 

3.  Genotypic  correlations  were  generally  higher  than  phenotypic 
correlations  among  traits. 

4.  The  analysis  of  data  to  determine  the  relative  efficiencies 
of  indirect  selection  of  related  traits  for  the  improvement  of  seed 
shape  showed  that  seed  shape  improvement  can  best  be  achieved  by 
directly  selecting  for  seed  shape  itself  or  by  indirectly  selecting 


51 


52 


for  increased  pod  shape  index.  The  next  best  alternative  is  through 
the  indirect  selection  of  longer  pods. 
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